Summary Osteoporosis is a well acknowledged complication of spinal cord injury. We report that motor complete spinal cord injury and post-injury alcohol consumption are risk factors for hospitalization for fracture treatment. The clinical assessment did not include osteoporosis diagnosis and treatment considerations, indicating a need for improved clinical protocols.
Introduction
Spinal cord injury (SCI) is associated with severe osteoporosis increasing the risk of low-impact fractures (i.e., those that occur in the absence of trauma). The precise mechanisms leading to this extreme bone loss are poorly understood; however, several characteristics distinguish SCI-induced osteoporosis from both postmenopausal and senile osteoporosis affecting neurologically intact elders. Many factors are known to increase the risk of osteoporotic fractures in the general population, including previous fragility fractures, premature menopause, a family history of hip fracture, age, use of glucocorticoids, age, hormonal status, and nutritional status [1] . But all individuals with SCI, including otherwise healthy young men and women, are at risk for immediate, rapid bone loss [2] [3] [4] . While osteoporotic fractures lead to increased mortality in the elderly [5] [6] [7] , little is known about the impact of these fractures on the health of individuals with SCI. Specifically, risk factors for osteoporotic fractures or fracture-related hospitalization and a description of treatment and complications have not been described.
We have been assessing the health of a cohort of individuals with chronic SCI since 1994 and have collected detailed information on personal characteristics and comorbidities [8] . In this study, we assess whether various sociodemographic and health-related factors assessed at baseline prospectively predict hospitalization related to lowimpact fractures at Veterans Affairs Medical Centers (VA) and review fracture-related treatment and complications.
Methods

Subjects
Between 01 October 1994 and 31 December 2002, there were 328 veterans recruited as part of the VA Boston SCI Cohort Study, an epidemiological study designed to prospectively assess health in chronic SCI patients. Recruitment was from veterans receiving care from the VA Boston SCI Service. Details of recruitment methodology have been presented previously, but briefly, subjects were eligible if they were one or more years after SCI and were ineligible if they had other neurological conditions, a tracheostomy, required mechanical ventilation, or had recovered from their injury [9] . Subjects completed a standardized respiratory health questionnaire (ATS DLD-78) [10] with additional questions regarding personal habits and medical history, and underwent a neurological examination and an assessment of weight and measured length. Informed consent was obtained, and this study was approved by our institutional review boards.
Spinal cord injury classification
Motor level and completeness of injury were assessed by physical exam. Level of injury was classified according to strength preservation in key muscle groups in the upper and lower extremity and reported regionally as tetraplegia or paraplegia. Injury completeness was reported according to the American Spinal Injury Association (ASIA) guidelines [10, 11] . Participants were assigned as motor complete (equivalent to ASIA motor score of A or B, i.e., no motor function below the neurological level of injury), C (motor incomplete, motor function preserved below the neurological level and more than half the key muscles below the neurological level are not strong enough to overcome gravity), or D (motor incomplete, preservation of motor function below the neurological level and more than half the key muscles below the neurological level are strong enough to overcome gravity).
Hospitalization data
We assessed hospitalization for acute care using VA electronic databases from 10/1/1996 through 12/31/2003 to allow at least one year of follow up. It was not possible to include hospitalization data before 10/1996 due to nonuniform reporting standards. We extracted hospitalization data from the VA National Patient Care Dataset located in Austin, Texas. Each medical record includes an admitting diagnosis (DXPRIME), up to nine secondary diagnoses, and a primary diagnosis (DXLSF) that is the condition responsible for the length of hospital stay. Diagnosis codes follow the clinically modified ninth edition of the International Classification of Diseases (ICD-9-CM).
Starting 01 October 1996 or at entry for subjects recruited after that date, the number of days to hospital admission for any cause, and from discharge to the next hospitalization was calculated. Age and injury duration were recalculated following each admission. Hospitalizations related to a fracture were defined based on DXPRIME, DXLSF, or secondary diagnoses coded as 733-733.1 (osteoporotic or pathogenic fracture) or 810-829 (fractures of the upper and lower limbs). There were 44 hospitalizations, 35 based on both DXPRIME and DXLSF, and nine based on secondary diagnoses. As we sought to study fractures consistent with SCI-induced osteoporosis, we defined "low-impact fractures" as those occurring spontaneously or from a fall no greater than standing height as defined by Simonelli and coworkers [10, 12] . Based on medical record review, there were 30 subjects with 39 admissions that met this definition and were associated with a fracture below the SCI neurological level. We excluded two admissions in the same individual that related to chronic non-healing fractures that occurred at the time of the initial SCI and two admissions in different individuals that were unrelated to fracture treatment. Admission and discharge records were reviewed for evidence of evaluation or treatment of osteoporosis.
Variable definition
We considered sociodemographic factors, comorbid illnesses, and various health behaviors reported at study entry (Table 1) . Length was measured in 78% of subjects. If measurement was declined or there were joint contractures that precluded accurate assessment, stature was self-reported. Weight was measured in 90%, self-reported in 8%, and weight from a recent clinic visit used in 2%. Body mass index (BMI) was classified as underweight (<18.5 kg/m ). Smokers were defined as smoking 20 or more packs of cigarettes or using 12 ounces of tobacco or more in a lifetime, or smoking one or more cigarettes per day for at least one year. Current smokers reported cigarette use within one month of testing. Lifetime alcohol consumption and alcohol consumption after SCI were calculated based on report of average daily, weekly, or monthly quantity and frequency of alcohol consumption and duration of alcohol use before and after injury. Each glass of wine (4 ounce = 10.8 g), beer (12 ounce = 13.2 g), and shot of liquor (1.5 ounce = 15.1 g) was converted to grams of alcohol [13, 14] . Subjects were asked to report physician-diagnosed hypertension, diabetes, asthma, emphysema and chronic bronchitis [defined as chronic obstructive pulmonary disease (COPD)], and pneumonia since hospital discharge after initial SCI. Heart disease was defined as receiving treatment for "heart trouble" in the 10 years prior to study entry.
Statistical analysis
Models using Cox's proportional hazards approach with a robust sandwich estimator to adjust for repeated outcomes [TPHREG procedure in SAS software version 9.1 (SAS Inc, Cary, NC)] were used to assess predictors of fracture hospitalization using days to hospitalization as the outcome. Secular trends were tested by considering calendar year in a time dependent manner. The proportional hazards assumption was confirmed by examining the interaction between covariates and the natural logarithm of time to hospitalization.
Results
Participant characteristics
Of the 328 veterans assessed, three died before 10/1/1996, eight did not undergo neurological exam or had recovered from injury, and two had missing information, leaving 315 subjects for analysis. Among these 315 participants, the total time at risk for a fracture-related hospitalization was 1,658 person-years, an average of 5.26 person-years per participant. There were 1,487 all-cause hospitalizations for an overall hospitalization rate of 0.90/person-year, and the rate of fracture-related admissions was 0.02/person-year. The median (q1, q3) length of stay was 35 [20, 59 ] days for fracture admissions and five (2, 14) days for non-fracture admissions. Of five subjects with repeat fracture-related admissions, one was re-admitted for treatment of the same fracture, three were re-admitted for a new fracture, and one had six admissions related to four new fractures and had two re-admissions for prior fractures. Three individuals fractured multiple bones during the same event (one with bilateral first metatarsal fractures, one with an ankle and great toe fractures, and one with humerus, femur, and tibia/fibula fractures). Both individuals re-admitted for ongoing treatment of a prior fracture were discharged to a second facility for convalescence. Each had lived at home prior to the admission.
Fracture characteristics
The most common fracture requiring hospitalization was a tibia/fibula fracture (47.5%), followed by the distal femoral metaphysis (20%) and then the proximal femur (15%). Humerus (5%), metatarsal (5%), and phalanx (7.5%) fractures were less common. In 20% of admissions, the cause of fracture was unknown or not stated in the discharge summary or admission notes. Fall from a wheelchair was the most common cause (51%), followed by transfers (twisting or catching a lower extremity, 14%), and catching a lower extremity on a doorframe while operating a wheelchair (6%). One individual twisted a leg while boating and fractured a femur. Fractures were usually (87%) treated with bed rest alone or a combination of bed rest with extension bracing. Surgery was performed in three cases (9%), all of which were proximal femur/hip fractures. No specific treatment was prescribed in two cases. Medical complications occurred frequently with 53% of the fracture events resulting in 21 documented complications. Fracture non-union/delayed healing and pressure ulcers from bracing and/or bed rest were the most common, each accounting for 25% of the reported medical complications. Other complications included increased muscle spasms, pain, autonomic dysreflexia, and heterotopic ossification at the fracture site. No individual with a fracture-related admission underwent an evaluation for osteoporosis.
Univariate predictors of fracture admission Age, education level, BMI category, smoking history (current, former, never; pack-years), hypertension, heart disease, 
Multivariate predictors of fracture admission
After adjusting for neurological completeness of injury, injury duration (p = 0.11) was no longer a significant predictor (Table 3) . Only neurological completeness of injury (3.73; 95% CI=1.46-10.50) and greater alcohol consumption after injury (p=0.04 for linear trend across quartiles) remained significant predictors of fracture-related hospitalization ( Table 4 ). The median alcohol consumption in the quartile with the greatest consumption following SCI was 498 kg-yr, approximately equivalent to 5½ beers, 6¾ wine glasses, or five shots of liquor per day for 20 years (HR: 3.25; 95% CI= 1.54-10.35 compared to the lowest quartile).
Discussion
Our study is the first to prospectively assess risk factors for hospitalization for low-impact fractures in chronic SCI, and we describe a significant relationship between injury completeness and greater alcohol use after injury. Other groups have examined risk factors for sublesional osteoporosis following spinal cord injury, however only injury completeness has been shown to predict the degree of bone loss or fracture rate. Garland et al. reported motor complete injury to increase both knee osteoporosis and lower extremity fracture rates when compared to motor incomplete injury [4, 15] . Our findings are in agreement with this and suggest that individuals with motor complete injury are at greatest risk for fracture hospitalization. We also report increased alcohol consumption after SCI may exacerbate sublesional bone loss. Although the number of fractures that occurred as a result of alcohol intoxication is unknown, it is possible that alcohol-related accidents related to wheelchair use and transfer contributed. The relationship between alcohol consumption and osteoporosis in the general population has been inconsistent, although in general men with a history of alcohol abuse have been found to have lower bone mineral density, and the relative contribution of poor nutrition in these cases is uncertain [16] [17] [18] [19] [20] [21] [22] . In contrast to the general population where greater age is a risk factor for osteoporosis, age was not a predictor of fracture hospitalization. Obesity, known to be osteoprotective in the able-bodied [23, 24] , did not protect from fracture hospitalization in this study. We also found no relationship between history of comorbid illnesses and fracture hospitalization. Although injury duration was a significant univariate predictor of fracture hospitalization, when SCI completeness was accounted for it was no longer significant. However, the point estimate for injury duration remained positive (HR=1.02; 95% CI=1.00-1.04). As sublesional bone loss increases with time following an injury [25] [26] [27] , it is possible that the relatively small number of cases precluded our ability to assess both injury duration and SCI completeness in a regression model. The median length of stay was sevenfold greater for fracture admissions than for non-fracture admissions, a finding that reflects the need to immobilize the affected limb until adequate healing occurs. Individuals also required increased levels of assistance for transfers and self-care during immobilization of a fractured limb. Only three subjects underwent surgical fracture stabilization during their admission (length of stay 12 to 36 days), so it was not possible to compare the effects of surgery on length of stay. When re-admissions for a prior fracture occurred, discharge to a second facility was required. Though this occurred in only two cases, it may be that prior fracture is a risk factor for long-term care.
Although admission for osteoporotic fractures accounted for only 2.6% of the admissions, these hospitalizations resulted in longer lengths of stay than other admissions, were characterized by frequent medical complications, and in some cases, resulted in discharge to a second facility instead of home because additional care was required. Prevention of fractures would therefore decrease health care costs and promote independence in this population. The most common cause of fracture was falls, which may be difficult to prevent. However, based on record review, 20% of the fractures resulting in hospitalization were due to transfer and wheelchair ambulation technique. It may be possible to reduce fracture risk by improving counseling and educating patients regarding limb protection during various self-care activities and reinforce the importance of adequate doorway width for wheelchair clearance. In some cases, home modification may be required to achieve the recommended minimum of 81.3-86.4 cm to accommodate the entry of manual and motorized wheelchairs [28] . Surprisingly, osteoporosis diagnosis, prevention, and management were not included in the treatment plan of any of the individuals hospitalized for fractures. No one was taking osteoporosis medications, such as anti-resorptives (bisphosphonates) or calcium/vitamin D, prior to admission. Moreover, no one left the hospital with a prescription for osteoporotic medications, and osteoporosis was not added to anyone's problem list on discharge. One individual was placed on alendronate after admission, but this was discontinued by the consulted endocrinology team who stated that alendronate has not been shown to protect bone mineral density in the extremities. There is evidence to suggest that bisphosphonates, including alendronate, decrease bone loss both acutely and during the chronic phases of SCI [29] [30] [31] [32] ; however, bisphosphonate treatment is not currently the standard of care since it has not been shown to decrease fracture rates in SCI. Additional research is needed to establish the efficacy of anti-resorption medications and to explore the potential benefits of anabolic bone agents in bone loss following spinal cord injury. Fracture prevention is an important therapeutic goal in SCI medicine as 54% of the fractures resulted in a secondary complication. The omission of osteoporosis in the discharge diagnoses suggests a need for improved treatment practice standards in SCI. This clinical void may be due to a lack of adequate therapeutic options for treating bone loss following SCI and an absence of appropriate dual energy x-ray absorptiometry (DXA) scanning protocols tailored to this population.
The findings of the current study suggest that injury completeness and alcohol consumption are risk factors for fracture hospitalization in a VA-based cohort of individuals with chronic SCI. These findings should be considered within the context of the study limitations, including few female participants and a relatively small sample size. It is likely that the true incidence of fracture-related admissions is underestimated since these patients may have been hospitalized elsewhere for treatment or possibly treated with bed rest at home. Although lifetime and post-SCI alcohol consumption was estimated by self-report, information obtained using this method has been shown to be valid and without systematic bias [14, 33] . We also analyzed these data within broad categories, comparing risk across quartiles to minimize misclassification. The biologic mechanism whereby complete SCI is a risk factor for fracture-related admissions is not known but is hypothesized to be related to neurogenic control of bone formation and resorption [34, 35] . It is also possible the completeness of injury is a surrogate for other risk factors that were not measured in this study, such as vitamin D deficiency [36] .
Conclusions
Motor complete SCI, both paraplegia and tetraplegia, and cumulative alcohol consumption post-injury were significant risk factors for fracture hospitalization. Clinicians involved in the care of individuals with SCI should be aware of relatively long hospitalizations and related complications associated with these fractures. These findings suggest that future studies should address prevention and treatment of bone loss in the motor complete subpopulation. Additionally, studies aimed at a greater understanding of the biologic mechanisms of SCI-induced bone loss are needed to develop therapies to reduce fracture rates, secondary medical complications, and healthcarerelated costs associated with fracture-related hospitalization.
